Two new furanoid norditerpenes (1, 2) were isolated from the root tubers of Dioscorea bulbifera L. Their structures were established on the basis of extensive spectroscopic analysis.
Plants of the Dioscoreaceae are known as a source of diosgenin and related steroid saponins, which occur mainly in the underground parts. 1, 2) Dioscorea bulbifera L. is widely distributed in China. It has been used to treat a variety of diseases, mainly for the treatment of thyroid disease and tumors, and so on.
3) Previous phytochemical investigations on the root tubers of the Japanese Dioscorea bulbifera L. have revealed no steroid sapogenins but instead eight furanoid norditerpenes, the diosbulbins A-H [4] [5] [6] and the enol glucosides of two of these, the diosbulbinosides D and F. 7) From tubers of D. bulbifera L. var sativa in Bangladesh, 8-epidiosbulbin E acetate was isolated. 8) As part of our effort to discover structurally diverse and biologically active secondary metabolites from local medicinal plants, the re-investigation of the root tubers of D. bulbifera led to the isolation of two new furanoid norditerpenes.
Compound 1 was obtained as colorless needles. Its molecular formula was determined to be C 29 Analysis of the NMR spectrum (Table 1) suggested the norditerpenoid skeleton for compound 1. This norclerodane structure was previously assigned to diosbulbin D (3) isolated from the same plant.
5) The structure of our compound was similar to that of 3 and 8-epidiosbulbin E acetate (4). 8) Signals at d 5.41 (H-12) and d 4.85 (H-2) in the 1 H-NMR spectrum of 1 revealed that each lactone ring was linked through a secondary hydroxyl group as in 3. Comparison with the spectrum of 3 and 4 revealed that the seven protons attached to C-1, C-2, C-3, C-4 and C-10 had similar chemical shifts and coupling patterns and thus the g-lactone function was fused to ring A in the same manner in these compounds. The only difference is that an acetoxyl group at C-6 in 4 was replaced by a 3-(4-methoxyphenyl) acryloxyl group in 1.
The following key heteronuclear multiple bonding connectivity (HMBC) correlations ( Fig. 2) were observed: from H-1, H-5 to C-9, from H-2, H-5 to C-19, from H-6, H-7Ј to C-9Ј, from H-7 to C-17, from H-12 to C-14, C-16, respectively. The key rotating frame Overhauser enhancement spectroscopy (ROESY) correlations (Fig. 2 ) between H-7b, H11b and H-20, between H-8 and H-12 were also observed. The proton at C-10 was coupled to the protons at C-5 and C- 1, respectively. It was axial from its coupling constants of 12.6 Hz (ax-ax) to the axial C-5 proton, 12.2 Hz (ax-ax) to the H-1b, and 5.3 Hz (eq-ax) to the H-1a. The axial C-5 proton showed one coupling (2.7 Hz) with the methine proton at d 5.48, which was equatorial. The proton at C-8 was coupled only to the protons at C-7 and was axial from its coupling constants of 12.3 Hz (ax-ax) to H-7b and 3.5 (eq-ax) to H7a. This can help to distinguish the configurations of each geminal proton at C-7. The configuration at C-8 of 1 was thus opposite to that of the 4, and same to that of 3. These spectroscopic findings and the 13 C-NMR spectrum (Table 1 ) taken with the co-occurrence of diosbulbin D of known absolute configuration 6) were consistent with structure 1. Consequently, the structure of 1 was elucidated as shown in Fig.  1 and named diosbulbin I.
Two New Furanoid Norditerpenes from Dioscorea bulbifera
Compound 2 was obtained as colorless needles. It had the molecular formula C 19 H 22 O 8 and was deduced to be a norclerodane diterpenoid. The IR and H-NMR spectrum of 2 appeared in up-field comparison with 1, 3, and 4. Considering nine degrees of unsaturation, including the contribution of rings A and B, a furan ring, a d-lactone and three carbonyl groups, it suggested that the g-lactone ring was open, and the secondary hydroxyl group at C-2 and the carboxyl group at C-4 became free, and kept to be a orientation. The proton at C-10 was coupled to the protons at C-1 and was axial from its coupling constants of 12.1 Hz (ax-ax) to the H-1b, and 4.5 Hz (eq-ax) to the H-1a.
Further analysis of the NMR spectrum (Table 1) . Taken the consideration with the co-occurrence of 1 in the same plant, 2 is probably an oxidation product of 1. It suggested that the hydroxyl group at C-5 is b orientation, same as the proton at C-5 in 1. Moreover, other key HMBC correlations (Fig. 3 ) were also observed: from H-1, H-8 to C-6, from H-3, H-4 to C-19, from H-7, H-12 to C-17, respectively. The significant ROESY correlations (Fig. 3 ) between H-7b, H-11b and H-20, between H-8 and H-12 were also observed. The proton at C-8 was coupled only to the protons at C-7 and was axial from its coupling constants of 12.3 Hz (ax-ax) to H-7b and 3.5 (eq-ax) to H-7a. This can help to distinguish the configurations of each geminal proton at C-7. The configuration at C-8 of 2 was thus opposite to that of the 4, and same to that of 3. Thus, the structure of 2 was established as shown in Fig. 1 and named diosbulbin J.
Experimental
General The optical rotations were measured on a Horiba SEPA-300 polarimeter. UV spectra were recorded on a Shimadzu UV-2401PC spectrophotometer. IR spectra were obtained using a Bruker Tensor 27 FT-IR spectrometer with KBr pellets. NMR spectra were acquired on a Bruker DRX-500 and AV-400 instruments. Extraction and Isolation The air-dried, powdered root tubers (2 kg) of Dioscorea bulbifera were soaked with 95% ethanol (3ϫ6 l, each soaking for 3 d) at room temperature and filtered. The filtrate was concentrated in vacuum to give a residue (ca. 100 g), which was isolated by silica gel column chromatography with a gradient elution system of petroleum ether-acetone (100 : 0→0 : 100) to obtain 20 fractions. Fraction-4 eluted with 85 : 15 and was repeatedly separated by silica gel (CHCl 3 /MeOHϭ200 : 1), Sephadex LH-20 (CHCl 3 /MeOHϭ1 : 1) and recrystallization techniques to give rise to compound 1 (10 mg). Fraction-6 eluted with 70 : 30 was further separated and purified by silica gel (CHCl 3 /MeOHϭ20 : 1), Sephadex LH-20 (CHCl 3 /MeOHϭ1 : 1) and recrystallization process to yield 2 (8 mg 
